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PROBLEM TO BE SOLVED: To provide a holographic 
optical information recording regenerating device which 
maintains a sufficient regeneration signal intensity and 
enable a stable regeneration of signals with less cross 
talks even if the optical regeneration wave length is 
changed according to the difference or temperature 
change in recording media. 
SOLUTION: The optical information recording 
regeneration device generates the digital data which is 
recorded in a style such as interference fringes made by 
two coherent beams on a hologram disk 5 is regenerated 
by radiating reference coherent beam 22 on the 
hologram disk 5 and accepting the diffracted 
regenerating signal light 21 with a two-dimensional 
photodetector array 6A. The device comprises a variable 
wave length coherent light source 18 which emits a 
reference coherent beam and a wave length control 
circuit 17 which control the wavelength of the variable 
wavelength coherent light source 18 according to the 

position information of the regenerated signal light on the two-dimensional optical detector 
array. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The digital data recorded with the gestalt of the interference fringe of two coherent beams on 
the record medium It is the holographic light information record regenerative apparatus reproduced by 
receiving the regenerative-signal light which irradiated the coherent beam on said record medium, and 
was diffracted with said record medium by the two-dimensional photodetector array. The positional 
information on the source of wavelength adjustable coherent light which carries out outgoing radiation 
of said coherent beam, and said two-dimensional photodetector array of said regenerative- signal light is 
read. The holographic light information record regenerative apparatus characterized by having the 
control means which controls the wavelength of said source of wavelength adjustable coherent light 
based on said positional information. 

[Claim 2] A part of light-receiving eel [ at least ] of said two-dimensional photodetector array is divided 
into two or more fields. Incidence is carried out to said divided light-receiving eel by using said a part of 
regenerative-signal light [ at least ] as the beam for servoes. The holographic light information record 
regenerative apparatus according to claim 1 with which said control means is characterized by detecting 
said positional information based on the differential signal of the signal acquired from said beam for 
servoes in each field of said divided light-receiving cel. 

[Claim 3] The holographic light information record regenerative apparatus according to claim 1 or 2 
with which said coherent beam penetrates anamorphic optical system, and said control means is 
characterized by detecting independently a location gap of the direction of a focus of said coherent 
beam, and a wavelength gap of said source of wavelength adjustable coherent light from change of the 
reconstruction image detected by the two-dimensional photodetector array. 

[Claim 4] A means to divide into two beams, signal light and a reference beam, the coherent beam by 
which outgoing radiation was carried out from said source of wavelength adjustable coherent light, The 
space light modulation element which carries out intensity modulation of said signal light two- 
dimensional, and a means to give two-dimensional phase distribution to said signal light on said space 
light modulation element, Into the circumference part on a means to provide the optical system which 
makes said signal light and said reference beam cross on a record medium, and to give said two- 
dimensional phase distribution A holographic light information record regenerative apparatus given in 
any 1 term of claims 1-3 characterized by preparing the field where coherent length is longer than a 
central part. 

[Claim 5] It is the holographic light information record regenerative apparatus according to claim 4 with 
which a means to give said two-dimensional phase distribution has the eel formed in the shape of [ two- 
dimensional ] a right-angle grid, and at least that of each eel is characterized by for the amounts of phase 
displacement being either 0, pi / 3pi [ 2pi and ]/2, and the phase contrast of the eel which adjoins 
mutually being pi/2 or 3pi/2. 

[Claim 6] It is a holographic light information record regenerative apparatus given in any 1 term of 
claims 1-5 which have the lens system which makes the diffracted light from said record medium 
condense on said two-dimensional photodetector array, and are characterized by arranging said record 
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medium in a different location from the focus of said lens system. 

[Claim 7] A holographic light information record regenerative apparatus given in any 1 term of claims 
2-6 characterized by what is recorded as the beam for servoes of said regenerative-signal light is always 
turned on. 

[Claim 8] A holographic light information record regenerative apparatus given in any 1 term of claims 
2-6 characterized by what is recorded as the beam for servoes of said regenerative-signal light is turned 
on by the higher probability compared with said other beam spots. 

[Claim 9] A holographic light information record regenerative apparatus given in any 1 term of claims 

1- 8 characterized by said source of wavelength adjustable coherent light being a source of coherent light 
using wavelength adjustable semiconductor laser and a secondary harmonic generation component. 
[Claim 10] A holographic light information record regenerative apparatus given in any 1 term of claims 

2- 8 to which said divided light-receiving eel is characterized by being located in the four corners of said 
two-dimensional photodetector array. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the holographic light information record regenerative 
apparatus which carries out informational record playback to high density using the optical record 
medium which has a hologram medium. 
[0002] 

[Description of the Prior Art] The compact disk (CD) enabled sound recording for music data 74 
minutes, and record of digital data 640MB using the objective lens of the light source with a wavelength 
of 780nm and a numerical aperture 0.45. Moreover, the digital versatile disc (DVD) enabled the 
animation of MPEG 2 for 2 hours and 15 minutes, and record of digital data 4.7GB using the objective 
lens of the light source with a wavelength of 650nm and a numerical aperture 0.6. Moreover, in recent 
years, the highly minute animation of 1000 or more horizontal resolution comes to be broadcast, and a 
personal computer is high-performance-ized, and the expectation for high density and a mass optical 
disk is growing further. On the other hand, the optical disc system which combined the light source 
before and behind the wavelength of 400nm and the objective lens of a numerical aperture 0.85 is going 
to be proposed, and capacity exceeding 20GB of one side is going to be realized. 

[0003] Thus, the optical disk unit has realized densification by using an objective lens with more larger 
numerical aperture than the light source of short wavelength. However, the limitation is approaching 
approach with the above short-wavelength-izing and the lens of a high numerical aperture. That is, in a 
field with a wavelength of 400nm or less, since the wavelength dispersion of the glass ingredient used 
for a lens becomes large, it becomes difficult to control the aberration. Moreover, if the solid-state 
immersion lens technique in which development is furthered is used in order to enlarge numerical 
aperture more, the lens working distance will become extremely short (about 50nm), and the problem of 
exchange of a disk becoming less easy etc. will arise. In order to conquer these technical problems and 
to realize densification further, attention with a big holographic record technique is attracted. 
[0004] For example, the outline configuration of the optical disk optical system of the shift multiplex 
recording method proposed by Psaltis and others is shown in drawing 14 . The light from a laser light 
source 1 is divided by the back half mirror 8 to which the beam diameter was expanded by the beam 
expander 7. While was divided, the back space optical modulator 2 which had the travelling direction 
changed by the mirror 10 is passed, it is condensed by Fourier transformer lens 3 on the hologram disk 
5, and a beam serves as signal light. It is condensed with a condenser lens 12, and the beam of another 
side serves as a reference beam 22, and irradiates the same location as the signal light on the hologram 
disk 5. The hologram disk 5 has the configuration which closed hologram media, such as a 
photopolymer, between two glass substrates, and the interference fringe of signal light and a reference 
beam is recorded. 

[0005] The space optical modulator 2 consists of an optical switch train arranged by two-dimensional, 
and each optical switch is independently turned on and off corresponding to the input signal 23 
recorded. For example, when the space optical modulator 2 of 1024 eel xl024 eel is used, 1M bit 
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information can be displayed on coincidence. In case signal light passes the space optical modulator 2, 
the 1M bit information displayed on the space optical modulator 2 is changed into a two-dimensional 
light beam train, and is recorded as an interference fringe on the hologram disk 5. In case the recorded 
signal is reproduced, only a reference beam 22 is irradiated at the hologram disk 5, the regenerative- 
signal light 21 which is the diffracted light from a hologram is received with a photodetector 6, after 
letting Fourier transformer lens 4 pass, and a regenerative signal 24 is detected. 
[0006] The optical recording system feature shown in drawing 14 has the thickness of a hologram 
medium as thick as about 1mm, and since an interference fringe is recorded as a thick grating and the so- 
called Bragg grating, it is that include-angle multiplex record is attained and a mass optical recording 
system is realized. The system of drawing 14 has realized include-angle multiplex in changing into 
incident angle change of a reference beam 22, and shifting the exposure location of a spherical-wave 
reference beam. That is, when the hologram disk 5 is rotated slightly and a record location is shifted, it 
uses that the reference beam incident angle which each part of a medium senses changes slightly. When 
the thickness of a hologram medium is 1mm, the wavelength selection nature specified by regenerative- 
signal reinforcement becomes 0.014 full width at half maximum. If multiplex record of the hologram is 
carried out at intervals of about 20 microns at the time of a reference beam NA 0.5 and hologram size 
2mmphi, the recording density realized at this time is 2 600 Gbit(s)/inch, it will convert into 12cm disk 
capacity, and 730GB will be realized. 

[0007] The small and stable laser light source serves as a key technique at the above high density optical 
recording playback system implementation. Since especially the Bragg grating has wavelength selection 
nature with include-angle selectivity, it cannot use semiconductor laser which is used for the usual 
optical disk [ need / the light source wavelength at the time of record and playback / to be controlled ]. 
Moreover, from a viewpoint of recording density, although it is desirable to use the light source of short 
wavelength more, many green light to an experiment of Ar laser with which high power is obtained 
comparatively more cheaply than before is used. Moreover, in recent years, the miniaturization is 
realized using the secondary higher-harmonic light source of Nd dope YAG laser realizable [ with all 
solid-states ] etc. 
[0008] 

[Problem(s) to be Solved by the Invention] As explained above, the diffraction pattern recorded changes 
with the directions of incidence and wavelength of light in the hologram record using the Bragg grating. 
Therefore, if the wavelength at the time of record differs from the wavelength at the time of playback, 
the increment in a cross talk signal and the fall of signal light reinforcement will be caused. Moreover, 
when the temperature of a record medium changes, the optimal playback wavelength differs and the 
increment in a cross talk signal and the fall of signal light reinforcement are caused similarly. 
[0009] In the optical disk of drawing 14 , information is reproduced as a Bragg diffraction light from the 
recorded interference fringe. In order to reproduce regenerative-signal light with sufficient quantity of 
light, it is necessary to fulfill a Bragg condition. That is, whenever [ angle-of-incidence / of the reference 
beam beam to a medium ], and the wavelength of a reference beam beam must be adjusted to an 
optimum value, respectively. 

[0010] For example, if a system with the thickness of 1mm of a hologram medium, a light source 
wavelength [ of 515nm ], and an interference fringe period of 0.5 micrometers is assumed, the 
permission width of face of the Bragg condition over the reference beam beam wavelength which the 
value of the wavelength which diffraction efficiency reduces by half defined will be set to 
515nm**0.24nm. Moreover, it is necessary to also take the thermal expansion of a hologram medium 
into consideration with the configuration of drawing 14 . That is, it is the problem from which the period 
of the interference fringe recorded by the thermal expansion of a hologram medium changes, and the 
optimal playback wavelength which fulfills a Bragg condition changes. 

[001 1] The example using the photopolymer made from DuPont and the homme NIDEKUSU 352 
original edition is explained as a hologram medium. The heat ray expansion coefficient is measured with 
7.1x10-5 (JP,5-165388,A besides Ueda), and it will be set to 515+0.9nm, if the variation of the optimal 
wavelength is 0.18% and it converts into the oscillation wavelength of argon laser to a 25-degree C 
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temperature change. This is a value of 3 times or more with a permission width of face [ of the above- 
mentioned Bragg condition ] of 515**0.24nm, and in order to carry out hologram playback to stability 
to a 25-degree C temperature change, it needs to adjust the wavelength of the playback light source the 
optimal corresponding to the temperature change under playback. 

[0012] Then, this invention solves the above-mentioned technical problem, maintains regenerative- 
signal reinforcement sufficient also when the optimal playback wavelength changes with the case where 
signal regeneration is carried out, and the temperature changes of a record medium from the medium by 
which the optimal playback wavelength differs, and aims at offering the holographic light information 
record regenerative apparatus in which stable signal regeneration with few cross talks is possible. 
[0013] 

[Means for Solving the Problem] The holographic light information record regenerative apparatus of this 
invention is reproduced by receiving the regenerative-signal light which irradiated the coherent beam on 
the record medium and was diffracted with the record medium in the digital data recorded with the 
gestalt of the interference fringe of two coherent beams on the record medium by the two-dimensional 
photodetector array. In order to solve the above-mentioned technical problem, the positional information 
on the source of wavelength adjustable coherent light which carries out outgoing radiation of the 
coherent beam, and the two-dimensional photodetector array of regenerative-signal light is read, and it 
has the control means which controls the wavelength of the source of wavelength adjustable coherent 
light based on the positional information. 

[0014] In this configuration, preferably, optical system is arranged so that incidence may be carried out 
on the parting line of the field on the light-receiving eel into which a part of light-receiving eel [ at 
least ] of a two-dimensional photodetector array is divided into two or more fields, and the beam for 
servoes was divided in the normal state by using a part of [ at least ] beam spots of regenerative-signal 
light as the beam for servoes. Furthermore, a control means detects the differential signal of the signal 
from each field of the divided light-receiving eel, and considers it as the configuration which controls 
the wavelength of the source of wavelength adjustable coherent light based on the differential signal. 
[0015] In one of the above-mentioned configurations, it is desirable that constitute optical system so that 
a reference beam beam may penetrate anamorphic optical system, and said control means consists of 
change of the reconstruction image detected by the two-dimensional photodetector array so that a 
location gap of the direction of a focus of a reference beam beam and a wavelength gap of the source of 
wavelength adjustable coherent light may be detected independently. 

[0016] In one of the above-mentioned configurations, a means to divide into two beams, signal light and 
a reference beam, the coherent beam by which outgoing radiation was carried out from the source of 
wavelength adjustable coherent light, the space light modulation element which carries out intensity 
modulation of the signal light two-dimensional, a means to give two-dimensional phase distribution to 
the signal light on a space light modulation element, and the optical system which makes signal light 
and a reference beam cross on a record medium are provided preferably. The field where coherent 
length is longer than a central part is established in the circumference part on a means to give two- 
dimensional phase distribution. 

[0017] Each eel of a means to give two-dimensional phase distribution preferably in this configuration is 
formed in the shape of [ two-dimensional ] a right-angle grid, the amounts of phase displacement are 
either 0, pi / 3pi [ 2pi and ]/2, and at least that of each eel is [ the phase contrast of the eel which adjoins 
mutually ] pi/2 or 3pi/2. 

[0018] In one of the above-mentioned configurations, preferably, it has the lens system which makes the 
diffracted light from a record medium condense on a two-dimensional photodetector array, and a record 
medium is arranged in a different location from the focus of a lens system. 

[0019] Moreover, it considers as the configuration recorded as the beam for servoes of regenerative- 
signal light records always being turned on or is preferably turned on by the higher probability 
compared with other beam spots in one of the above-mentioned configurations. 
[0020] Moreover, let the source of wavelength adjustable coherent light preferably be a source of 
coherent light using wavelength adjustable semiconductor laser and a secondary harmonic generation 
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component in one of the above-mentioned configurations. 

[0021] Moreover, in one of the above-mentioned configurations, said divided light-receiving eel 
considers as the configuration located in the four comers of said two-dimensional photodetector array 
preferably. 
[0022] 

[Embodiment of the Invention] (Gestalt 1 of operation) Drawing 1 is the outline block diagram showing 
the important section of the optical information record regenerative apparatus in the gestalt 1 of 
operation, and shows focusing on the playback optical system to which the diffracted light from the 
hologram disk 5 which is a record medium irradiates two-dimensional photodetector array 6A. The 
configuration of this optical whole information record regenerative apparatus is as being shown in 
drawing 2 . In addition, the same sign is attached and explained about the same component as the 
conventional optical information record regenerative apparatus shown in drawing 14 . 
[0023] Signs that the hologram disk 5 consists of hologram medium 5a, such as a photopolymer by 
which the closure was carried out to two glass substrate 5b among them, are shown in drawing 1 . The 
spherical-wave reference beam 22 is condensed by the front face of glass substrate 5b which is closing 
hologram medium 5a with the condenser lens 12, and a part of light returns to the focal error detection 
optical system 14 by the Fresnel reflection in a glass substrate 5b front face. The direction location of an 
optical axis is controlled by the focal error signal by which the condenser lens 12 which condenses a 
reference beam 22 is outputted from the focal error detection optical system 1 4, and a reference beam 22 
is always condensed by the glass substrate 5b front face with it. 

[0024] The two-dimensional data displayed on the space optical modulator 2 are recorded on hologram 
medium 5a in the state of the interference fringe of light. That is, signal light with the two-dimensional 
light-and-darkness pattern according to the data which should be recorded by the space optical 
modulator 2, and a reference beam 22 interfere, and it is recorded as the detailed interference pattern of 
wavelength order, i.e., a hologram, within hologram medium 5a. To nothing and one hologram, the data 
displayed on the space optical modulator 2 usually bundle up a round shape with a diameter of several 
mm, and this hologram is expressed. A mass record medium is realized by recording many holograms 
on the location where hologram media differ. When hologram medium 5a chooses nothing and the 
hologram which changes with disk rotation or parallel displacements of a card, respectively for 
gestalten, such as the shape of a disk, and the shape of a rectangular card, record and playback are 
performed. 

[0025] If a reference beam 22 irradiates hologram medium 5 a, the hologram recorded into hologram 
medium 5a will diffract, and the regenerative-signal light 21 will be generated. The two-dimensional 
light-and-darkness pattern which the signal light at the time of a hologram being recorded on the 
regenerative-signal light 21 has is reproduced. After the regenerative-signal light 21 passes Fourier 
transformer lens 4, light is received by two-dimensional photodetector array 6A, and a regenerative 
signal is detected. Two-dimensional photodetector array 6A has a two-dimensional light-receiving eel 
train corresponding to the two-dimensional pattern of regenerative-signal light, for example, can realize 
it by PD array, the CCD component, or the CMOS device. Usually, although the light-receiving eel 
array of two-dimensional photodetector array 6 A corresponds to the optical switch train arranged by 
two-dimensional [ of the space optical modulator 2 ] 1 to 1, it is good also as a configuration to which 
two or more light-receiving eels correspond to one eel of the space optical modulator 2. While it will be 
necessary to carry out the image processing of the output signal of two-dimensional photodetector array 
6 A in the case of the latter, there is effectiveness which can control the cross talk between eels. 
[0026] It is the description of hologram record and playback to follow the path as the signal light 
modulated with the space optical modulator 2 at the time of record in which the regenerative-signal light 
21 generated at this time is the same. When hologram medium 5a is located on the fourier side 16 of 
Fourier transformer lens 3, the light which passed all the eels of the space optical modulator 2 will 
irradiate the same point on hologram medium 5a. The description of the optical information record 
regenerative apparatus of the configuration of drawing 1 is installed in the location where hologram 
medium 5a's separated from the fourier side 16. At this time, the light which is the point of differing on 
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the space optical modulator 2 as shown in drawing and which passed a points and b points passes a 
mutually different point (respectively a'point and b f point) also on hologram medium 5a. Since the 
spherical wave is used for the reference beam 22, in that it differs on hologram medium 5 a, the include 
angles a reference beam 22 carries out [ include angles ] incidence differ, and the regenerative-signal 
light 21 in the point of differing on hologram medium 5 a can give a different angle of diffraction at the 
time of playback. 

[0027] In drawing 1 , the regenerative- signal light 21 when reproducing by the reference beam 22 of the 
optimal wavelength is a continuous line, and the reference beam beam 22 shifts from the optimal 
wavelength, and the regenerative-signal light 21 when reproducing with the light of long wave length 
from the optimal wavelength is shown by the broken line. As shown in drawing, when wavelength is 
long, an angle of diffraction becomes large more, and the location where the regenerative-signal light 21 
irradiates a two-dimensional photodetector array 6A top changes. When wavelength becomes long here, 
while, shifting the regenerative-signal light 21 in the direction of the upper right of drawing on the 
whole, it will irradiate a narrower field. To the shift of the whole beam, a beam shift is followed, the 
parallel displacement of the two-dimensional photodetector array 6 A is carried out in a photo detector 
side, and the location is controlled. 

[0028] The flat-surface schematic diagram of two-dimensional photodetector array 6A which receives 
the regenerative- signal light 21 is shown in drawing 3 . Two-dimensional photodetector array 6 A is 
constituted by the group of the light-receiving eel 61 arranged by the matrix. The divided light-receiving 
eel 62 which has been arranged among light-receiving eel groups in four corners is divided into inside 
light-receiving eel 62i and outside light-receiving eel 62e. Each light-receiving eel 61 and the signal 
light spot 25 which carries out incidence for every 62 are shown. The exposure location of the signal 
light spot 25 when reproducing on the optimal wavelength is the circle of a continuous line, and the 
exposure location of the signal light spot 25 when reproducing with the light of long wave length from 
the optimal wavelength is shown by the circle of a broken line, dividing ~ having had — light-receiving - 

- a eel — 62 — incidence — having carried out — a broken line — a circle — a signal — light — a spot — 25 

— the inside — light-receiving — a eel — 62 — i — an outside — light-receiving — a eel — 62 — e — from — 
outputting — having — a signal — > (output of inside light-receiving eel 62i) (output of outside light- 
receiving eel 62e) — becoming — a gap of both differential signal to wavelength — being detectable . In 
addition, when it reproduces with the light of wavelength shorter than the optimal wavelength, the 
exposure location of the signal light spot 25 in each of the light-receiving eel 61 is shifted to drawing 3 
from the location shown with the circle of a continuous line to an opposite direction with the location 
shown with the circle of a broken line. 

[0029] Moreover, change of signal light spot 25 location by gap of light source wavelength becomes 
small in the center section greatly by the periphery of two-dimensional photodetector array 6A so that 
drawing 3 may show. For this reason, in order to detect a gap of light source wavelength with sufficient 
sensibility, it is good to divide the eel of the periphery of two-dimensional photodetector array 6 A, and 
to detect the current beam position. As especially shown in drawing 3 , the configuration which used the 
eel of the four corners of two-dimensional photodetector array 6 A as the division eel is the most 
desirable in the point that detection sensitivity serves as max. 

[0030] Usually, although an ON state and an OFF state will change for every hologram, as for the beam 
for recording data, it is desirable to record the eel of the periphery of two-dimensional photodetector 
array 6A as the signal light spot 25 for location detection which irradiates current-beam-position 
detection more in order to carry out with high precision, a high speed and is turned on in all holograms. 
However, since the signal light spot 25 concerned will be used for location detection when it is made for 
the signal light spot 25 which irradiates the eel for location detection to be turned on altogether, the 
substantial amount of information for data logging decreases. Therefore, when substantial amount of 
information wants to decrease, address information etc. can also be given to a hologram using a coding 
method with which the probability for the signal light spot 25 which irradiates the eel for location 
detection to be turned on more becomes large. 

[0031] As shown in drawing 1 , in the gestalt of this operation, it replaces with the laser light source 1 of 
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drawing 14 , and the source 18 of wavelength adjustable coherent light is used. The source 18 of 
wavelength adjustable coherent light is easily realizable by semiconductor laser and using for example, 
the secondary optical waveguide mold harmonic generation (it omitting Following SHG) component of 
a false phase matching (it is hereafter described as QPM) method as an optical waveguide mold 
wavelength conversion device (Optics Letters Vol.16 besides Yamamoto, No.15, and 1156 (1991)). The 
optical waveguide mold SHG component 33 is used for drawing 4 , and the outline configuration of the 
source 18 of wavelength adjustable coherent light carried on the Si submounting 31 with semiconductor 
laser 30 is shown. 

[0032] As semiconductor laser 30, the wavelength adjustable DBR semiconductor laser which has a 
barrier layer field and the distribution Bragg reflection machine (it is hereafter described as DBR) field 
32 is used. Semiconductor laser 30 is lOOmW class AlGaAs system wavelength adjustable DBR 
semiconductor laser of 0.85 -micrometer band (and T.[ V.N.Gulgazov, H.Zhao, D.Nam, J.S.Major Jr., 
and ] L.Koch: "Tunable high-power AlGaAs distributed Bragg reflector laser diodes", Electron.Lett., 
Vol.33, and pp. 58-59 reference (1997)). By changing the inrush current to the DBR field 32, oscillation 
wavelength can be made adjustable. 

[0033] On the other hand, the optical waveguide mold SHG component 33 which is a wavelength 
conversion device consists of periodic polarization reversal fields 35 with the optical waveguide 34 
formed on the X cut MgO dope LiNb03 substrate. Optical waveguide 34 is formed by carrying out 
proton exchange in a pyrophosphoric acid. Moreover, the periodic polarization reversal field 35 is 
produced by forming the electrode of Kushigata on x plates and impressing electric field. 
[0034] A 60mW laser beam combines with optical waveguide 34 to a lOOmW laser output. The amount 
of inrush currents to the DBR field 32 of the wavelength adjustable DBR semiconductor laser 30 is 
controlled, and oscillation wavelength is fixed in the phase matching wavelength tolerance of the optical 
waveguide mold SHG component 33. Blue glow with a wavelength of 425nm is obtained with the 
output which is about lOmW. 

[0035] On optical waveguide 34, it vapor-deposits, patterning of the 0.01-micron Ta film is carried out, 
and the heater electrode 36 is formed here. Phase matching wavelength was controlled by passing a 
current to the heater electrode 36 and changing the temperature of optical waveguide 34 to it. To 
compensate for change of the phase matching wavelength of the optical waveguide mold SHG 
component 33, the current injection rate to the DBR field 32 was controlled, and the fixed blue glow 
output was obtained also during wavelength tuning. In the experiment, 2nm wavelength tuning could be 
realized to 30 temperature changes of waveguide, and it checked that it could respond to **25 
temperature changes of hologram medium 5a. 

[0036] In the optical information record regenerative apparatus concerning this invention, when light 
source wavelength shifts to a long wavelength side, the differential signal which deducts the output of 
light-receiving eel 62e, and is acquired from the output of light-receiving eel 62i among the light- 
receiving eels 62 of the photodetector array illustrated to drawing 3 as mentioned above serves as 
forward. At this time, the wavelength of the source 1 8 of wavelength adjustable coherent light is 
changed more to a short wavelength side by the wavelength control circuit 1 7 shown in drawing 1 . 
When the source 1 8 of wavelength adjustable coherent light shown in drawing 4 is specifically used, the 
wavelength control circuit 17 controls the current to the DBR field 32 and the heater electrode 36. When 
[ both ] the above-mentioned differential signal is forward, the wavelength of the output light from the 
source 18 of wavelength adjustable coherent light is shifted to a short wavelength side by decreasing the 
current to the DBR field 32 and the heater electrode 36. 

[0037] Thus, since the QPM-SHG device which combined wavelength adjustable semiconductor laser 
and a wavelength conversion device cannot be accompanied by mechanism-actuation but can change 
wavelength easily only by current impregnation, especially when putting small and cheaply the optical 
information record regenerative apparatus of this invention in practical use, it is useful. Moreover, it has 
the useful features in the hologram record with a coherency high [ a QPM-SHG device ] with small 
relative noise field intensity with little astigmatism. 

[0038] In addition, it is desirable to use the source of wavelength adjustable coherent light of a light 
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field from points, such as storage capacity and the stability of a record medium, in the optical 
information record regenerative apparatus of this invention. Although the SHG device which fulfills the 
condition using the infrared DBR laser as an example of the light source was mentioned, it is also 
possible to use the DBR laser simple substance which does not use a wavelength adjustable component 
as the light source. In the present condition, although the DBR laser is developed only on the 
wavelength of an infrared region, if the DBR laser of short wavelength is put more in practical use, it 
will serve as the effective light source for this invention in the future. 
[0039] In addition, the division pattern of the light-receiving eel 62 in the two-dimensional 
photodetector array 6 may be a division pattern as not limited to the example shown in drawing 3 , for 
example, shown in drawing 5 or drawing 6 . When the division pattern shown in drawing 6 is adopted, 
there is an advantage of being especially hard to be influenced of enlarging or contracting of the 
playback pattern by defocusing. Moreover, the number of partitions of the light-receiving eel 62 may not 
be limited to 2, either, but may be 3 or 4 or more. 

[0040] (Gestalt 2 of operation) The optical information record regenerative apparatus in the gestalt 2 of 
operation shown in drawing 7 (a) and (b) has a configuration detectable to coincidence also for a focal 
gap of a reference beam with detection of a gap of light source wavelength. Drawing 7 (b) expresses the 
sectional view of the optical system of the flat surface where the regenerative-signal light 21 and a 
reference beam 22 are contained, i.e., the field where the regenerative-signal light 21 is parallel to the 
direction (the main diffraction direction) mainly diffracted. Moreover, drawing 7 (a) is drawing of the 
optical system seen from the left-hand side of drawing 7 (b), i.e., drawing having shown the part as a 
cross section in respect of being perpendicular to the flat surface at which the regenerative- signal light 
2 1 and a reference beam 22 are contained. 

[0041] The description of the configuration of drawing 7 is that the cylindrical lens 13 is installed in the 
bottom of the condenser lens 12 which condenses a reference beam 22, i.e., a reference beam passes 
anamorphic optical system and incidence is carried out to a hologram medium. With a cylindrical lens 
13, in case incidence is carried out to hologram medium 5a, in respect of being perpendicular to the 
main diffraction direction, incidence of the reference beam 22 is carried out as an emission light 
( drawing 7 (a)), and it carries out incidence as a convergence light in respect of being parallel to the 
main diffraction direction ( drawing 7 (b)). At drawing 7 , the regenerative-signal light 21 which is a 
continuous line about the regenerative-signal light 21 reproduced by the reference beam 22 of the 
optimal wavelength, and is reproduced by the reference beam 22 of long wave length more slightly than 
the optimal wavelength is expressed with the broken line. Since an angle of diffraction becomes large 
compared with playback on the optimal wavelength when the wavelength of a reference beam 22 is 
long, as shown in drawing, in a direction perpendicular to the main diffraction direction, a reconstruction 
image becomes smaller and a reconstruction image becomes larger in the main diffraction direction. 
[0042] The features of this method are that a focal gap and a wavelength gap of a condenser lens 12 and 
Fourier transformer lens 4 are independently detectable. That is, when a location gap of the direction of 
a focus of a condenser lens 12 or Fourier transformer lens 4 arises, the scale factor of detection optical 
system changes and the magnitude of the reconstruction image on two-dimensional photodetector array 
6B changes. Although the separation detection of change of this scale factor and the change of playback 
wavelength was not able to be independently carried out with the configuration of drawing 1 , with the 
configuration of drawing 7 , change of a scale factor is change of the magnitude of an image, and the 
difference of the x directions of a light-receiving pattern and the direction of y can detect the change by 
wavelength mutually-independent. The light-receiving pattern on two-dimensional photodetector array 
6B in the configuration of drawing 7 is shown in drawing 8 . In addition, PD array, a CCD component, 
etc. can be used as two-dimensional photodetector array 6B. 

[0043] The example which divided four light-receiving eels 62a, 62b, 62c, and 62d of four corners of 
two-dimensional photodetector array 6B is shown in drawing 8 . Divided light-receiving eel 62a is 
divided into four vertical and horizontal fields. Based on the output signal from these four fields, the 
sum of the output from two eels, 62ay(s)l and the bottom, is defined [ the sum of the output from two 
left-hand side eels / the sum of the output from two eels 62ax(es) 1 and right-hand side, ] for the sum of 
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the output from two eels, 62ax(es)2 and a top, as 62ay(s)2 in drawing 8 about light-receiving eel 62a. An 
output signal is similarly defined about divided light-receiving eel 62b, and c and d. A part for the gap of 
the light-receiving spot according to a wavelength gap this time (62axl-62ax2) + (62ayl-62ay2) 
+(62bx2-62bxl)+(62byl-62by2) 
+(62cxl -62cx2)+(62cy2-62cy 1) 
+(62dx2-62dx 1 )+(62dy2-62dy 1 ) 

It is detected by the signal acquired by the becoming operation. 

[0044] Moreover, change of the scale factor of a detection system or a reference beam study system 
(62axl-62ax2) + (62ay2-62ayl) 
+(62bx2-62bx 1 )+(62by2-62by 1 ) 
+(62cx 1 -62cx2)+(62cy 1 -62cy2) 
+(62dx2-62dx 1 )+(62dy 1 -62dy2) 

It is detected by the signal acquired by the becoming operation. 

[0045] In addition, it is also possible to detect a gap of the light-receiving spot by wavelength gap by the 
following approaches. That is, since the migration direction of the light-receiving spot by wavelength 
gap is the direction of the diagonal line of the divided light-receiving eel, if a differential signal is 
detected among the light-receiving eels divided into four fields based on the output signal from two 
diagonal fields in this direction of the diagonal line, it can detect only the component which originates in 
a wavelength gap among those for the gap of a light-receiving spot. For example, if it is divided light- 
receiving eel 62a which is shown in drawing 8 , a part for the gap of the light-receiving spot by 
wavelength gap is detectable with the signal which deducts the output from a lower right field and is 
acquired from the output from an upper left field. 

[0046] Moreover, instead of a cylindrical lens 13, although the configuration which uses a cylindrical 
lens 1 3 as anamorphic optical system was illustrated in drawing 7 , as shown in drawing 9 , the same 
effectiveness is acquired also by the configuration which has arranged the parallel plate 41 so that it may 
be made to incline in the direction parallel to the main diffraction direction under a condenser lens 12. 
Moreover, as shown in drawing 10 (a) and (b), the combination of a spherical lens 42 and a cylindrical 
lens 43 can also constitute anamorphic optical system instead of a condenser lens 12. In addition, 
drawing 10 (a) is the sectional view of a direction perpendicular to the main diffraction direction, and 
drawing 10 (b) is the sectional view of a direction parallel to the main diffraction direction. 
[0047] (Gestalt 3 of operation) The operation gestalt of further others of this invention is explained 
below. 

[0048] In addition to the technical problem about the wavelength control which it is going to solve in the 
gestalt of the above-mentioned operation as a technical technical problem in hologram playback, 
oppression of a speckle effect is important. A speckle effect mainly originates in defects, such as dust in 
a medium, and a flaw. With the configuration of drawing 1 , as for the light which passed the space 
optical modulator 2, the quantity of light distribution on the space optical modulator 2 is projected on 
about 1 to 1 on hologram medium 5a. Therefore, when a defect etc. exists on hologram medium 5a, the 
image of a defect is projected also on the light-receiving pattern of the diffracted light on two- 
dimensional photodetector array 6A, and it becomes a remarkable noise, and is observed, and right 
signal regeneration cannot be performed. The configuration of the gestalt of this operation which avoids 
this is shown in drawing 1 1 and drawing 12 . As shown in drawing 1 1 R> 1 and drawing 12 , in the 
optical information record regenerative apparatus concerning this operation gestalt, the space optical 
modulator 2 is approached and the diffusion plate 1 5 is installed. In addition, as for this diffusion plate 
15, it is desirable to be arranged so that it may stick to the space optical modulator 2. 
[0049] The diffusion plate 15 has the configuration which formed the concavo-convex pattern in the 
glass substrate by etching, and gives two-dimensional phase distribution to the passing light. The light 
which was able to give phase distribution with the diffusion plate 15 has the breadth of finite on the 
fourier side 16. Therefore, the light which passed one on the space optical modulator 2 is recorded with 
fixed breadth in a hologram medium 5a top. In this case, even if a defect arises on hologram medium 5a, 
a defective image is not projected on two-dimensional photodetector array 6A, but S/N of the whole 
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image is reduced a little. Oppression of a speckle effect with the above diffusion plates is a technique 
proposed from the former as explained by reference (Y.Nakayama and M.Kato, "Diffuser with 
Pseeudorandom Phase Sequences", J.Opt.Soc.Am., vol.69, pp. 1367- 1372, and October 1979) in full 
detail. The point that the gestalt of this operation differs from the technique using the conventional 
diffusion plate is as follows. 

[0050] all the eels of the space optical modulator 2 — receiving — a phase — when a variation rate is 
given similarly, the light from all eels will irradiate the same location of hologram medium 5a. 
Therefore, as shown in the gestalt 1 of operation, or 2, the angle of diffraction from which the light from 
a specific eel differs in the location where hologram media differ can be given, and the effectiveness of 
detecting a wavelength gap from change of this angle of diffraction is lost. In order to avoid this, in the 
optical information record regenerative apparatus of the gestalt of this operation, it has composition 
which enlarges magnitude of the eel of a diffusion plate to some eels of the periphery of the space 
optical modulator 2. 

[0051] The top view of an example of the diffusion plate 15 is shown in drawing 13 . Drawing 13 
expresses the amount of phase displacement as the situation of division of the eel of a diffusion plate to 
the extent that it is given in each cel. Cel 15a for data is arranged in the shape of [ two-dimensional ] a 
right-angle grid, and the phase shift of 0, pi / 3pi [ 2pi and ]/2 is given to each cel. The phase contrast of 
the eel which adjoins mutually is pi/2 or 3pi/2. Die length of one side of each eel is equivalent to the eel 
of the space optical modulator 2, or the 1/4 to about 1/2 is good. Although a beam will be spread in the 
angle of diffraction in inverse proportion to the magnitude of a eel and the effectiveness of noise 
oppression will become large more if magnitude of a eel is made smaller, the size of a hologram 
becomes large conversely and reduction of recording density is caused. Cel 15b for current-beam- 
position detection corresponding to the beam which performs location detection in order to detect a 
wavelength gap is a bigger cel than cel 15a for data. Therefore, a beam becomes more close to a plane 
wave, and goes straight on, without being spread. For this reason, two or more beams for location 
detection which passed the big cel irradiate a mutually different location, without spreading greatly on 
hologram medium 5a, and can realize the above wavelength detection functions. By using the 
configuration of such a new diffusion plate, the function of both speckle effect oppression and current- 
beam-position detection is realizable for coincidence. 

[0052] although drawing 13 explained the phase pattern which limited the phase contrast of the 
adjoining cel ~ each cel — random — a phase — the same effectiveness can be acquired also with the 
random diffusion plate which gives a variation rate. Intensity distribution will arise in the light which 
merely passes each cel in the case of Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne., and S/N 
of a regenerative signal will fall. 

[0053] In addition, although this operation gestalt showed the diffusion plate by which cellular splititting 
was carried out as an example of a means to give two-dimensional phase distribution to the signal light 
on a space light modulation element, it is possible to use the diffusion plate of the shape of ground glass 
which has random irregularity in a front face in addition to this etc. 
[0054] 

[Effect of the Invention] According to the configuration of the optical information record regenerative 
apparatus of this invention, change of the optimal light source wavelength produced by dispersion for 
every record medium and the temperature change of a record medium can be detected, light source 
wavelength can be controlled the optimal, signal strength can be secured to the above-mentioned 
change, and stable signal regeneration can be performed. 

[0055] Moreover, according to other configurations of the optical information record regenerative 
apparatus of this invention which used anamorphic optical system for the reference beam, independently 
of change of the optimal wavelength, the separation detection of the change of the scale factor of 
playback optical system or reference beam optical system can be carried out, signal strength can be 
secured to both change, and stable signal regeneration can be performed. 

[0056] According to the configuration of further others of the optical information record regenerative 
apparatus of this invention using a diffusion plate, it becomes possible to detect change of the optimal 
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wavelength and to reproduce to stability, oppressing the speckle effect in a regenerative signal 
effectively. 

[0057] According to the configuration of further others of the optical information record regenerative 
apparatus of this invention using the QPM-SHG light source, the source of wavelength adjustable 
coherent light can be constituted from an easy configuration, and a small and cheap optical information 
record regenerative apparatus can be offered. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The outline block diagram of the holographic light information record regenerative 
apparatus in the gestalt 1 of operation of this invention 

[Drawing 2] The whole holographic light information record regenerative-apparatus block diagram in 
the gestalt 1 of operation of this invention 

[Drawing 3] Drawing showing the example of a configuration of the two-dimensional photodetector 
array in this holographic light information record regenerative apparatus with a light-receiving pattern 
[Drawing 4] The perspective view showing the outline configuration of a secondary optical waveguide 
mold harmonic generation laser light source 

[Drawing 5] Drawing showing other examples of the configuration of the two-dimensional 

photodetector array in this holographic light information record regenerative apparatus 

[Drawing 6] Drawing showing the example of further others of the configuration of the two-dimensional 

photodetector array in this holographic light information record regenerative apparatus 

[Drawing 7] The sectional view in the flat surface at which the outline configuration of the holographic 

light information record regenerative apparatus in the gestalt 2 of operation is shown, and the direction 

of the (a) reference beam, the direction of the sectional view in a field perpendicular to the flat surface at 

which the main diffraction direction is included, and the (b) reference beam, and the main diffraction 

direction are included 

[Drawing 8] Drawing showing the light-receiving pattern on the two-dimensional photodetector array in 
the equipment of drawing 7 

[Drawing 9] Drawing showing other examples of anamorphic optical system applicable to the 
holographic light information record regenerative apparatus in die gestalt 2 of operation 
[Drawing 10] the example of further others of anamorphic optical system applicable to the holographic 
light information record regenerative apparatus in the gestalt 2 of operation — being shown — the 
sectional view of a direction perpendicular to the (a) main diffraction direction, and the sectional view of 
a direction parallel to the (b) main diffraction direction 

[Drawing 11] The outline block diagram of the holographic light information record regenerative 
apparatus in the gestalt 3 of operation 

[Drawing 12] The whole holographic light information record regenerative-apparatus block diagram in 
the gestalt 3 of operation 

[Drawing 13] The outline top view of the diffusion plate in the holographic light information record 
regenerative apparatus in the gestalt 3 of operation 

[Drawing 14] The outline block diagram of the conventional hologram disk record regenerative 
apparatus 

[Description of Notations] 

1 Laser Light Source 

2 Space Optical Modulator 

3 Four Fourier transformer lens 
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5 Hologram Disk 

5a Hologram medium 

5b Glass substrate 

6, 6A, 6B Two-dimensional photodetector array 

7 Beam Expander 

8 Half Mirror 
1 0 Mirror 

12 Condenser Lens 

1 3 Cylindrical Lens 

14 Focal Error Detection Optical System 

15 Diffusion Plate 
15a The eel for data 

15b The eel for current-beam-position detection 

16 Fourier Side 

1 7 Wavelength Control Circuit 

18 Source of Wavelength Adjustable Coherent Light 

2 1 Regenerative-Signal Light (Diffracted Light) 

22 Reference Beam 

23 Input Signal 

24 Regenerative Signal 

25 Signal Light Spot 

30 Semiconductor Laser 

3 1 Si SubMounting 

32 DBR Field 

33 Optical Waveguide Mold Wavelength Conversion Device 

34 Optical Waveguide 

35 Polarization Reversal Field 

41 Parallel Plate 

42 Spherical Lens 

43 Cylindrical Lens 

6 1 Light-receiving Cel 

62 Divided Light-receiving Cel 
62i Inside light-receiving cel 
62e Outside light-receiving cel 

62a, 62b, 62c, 62d Divided light-receiving cel 



[Translation done.] 
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